ABSTRACT: Biometrical analysis of the material of 668 adult shells of Helicidonta obvoluta (Müll.) from Great Britain, Spain, Italy, Switzerland, Germany, Poland, the Czech Republic, Slovakia and Hungary showed a high inter-population variation. Similarity analysis revealed two clusters of populations: one from the centre of the range, another inhabiting its fringes. Snails from the Abruzzi Mts (Central Apennines) had shells similar to those from the central populations, though the area is located on the southern fringe of the distribution range.
INTRODUCTION
Helicodonta obvoluta (O. F. Müller, 1774 ) is among the rare recent snails of Europe. It is a Central European species with the range including the Pyrenees, southern part of the Atlantic coast and the west of France, southern part of Great Britain, Belgium, The Netherlands, Germany, Switzerland, Austria, the Central Sudetes in Poland, southern part of Moravia and Slovakia, as well as northern Hungary, and in the south -a part of Albania and Bosnia, northern Serbia and Calabria in the Apenninic Peninsula (LOZEK 1955 , KERNEY et al. 1983 , RIEDEL 1988 , MALTZ 2003b , 2004 , WIKTOR 2004 . It is a typical forest--dweller, preferring natural, mixed deciduous and deciduous-coniferous forests on calcium-rich substratum in mountainous areas. It lives in humid, shady places, on logs, in litter and under stones, as well as in vegetation-covered ruins and screes (LOZEK 1955 , WIKTOR 1956 , 1959 , 2004 , KERNEY et al. 1983 , RIEDEL 1988 , MALTZ 1999 , 2003b , 2004 , though in the centre of its distribution range it can inhabit also more open and calcium-poorer habitats (CAMERON 1972) . The life history of this snail has been thoroughly studied (MALTZ 2003a (MALTZ , 2003c ; it is known that H. obvoluta lays eggs and hibernates in rotting timber of large logs, only in areas of milder, oceanic climate (Great Britain) can it survive winter in leaf litter (CAMERON 1972) . Human interference (clear-felling, removal of dead timber) and climatic changes have a considerable effect on the occurrence of the species. During the climatic optimum (Atlantic Period) its range was probably somewhat wider, extending more to the north and east of the continent, which is indicated e.g. by isolated localities in Schleswig-Holstein or by numerous subfossil sites in the Czech Republic, Slovakia (LOZEK 1955) , Denmark (GIROD 1968) , Great Britain (KERNEY 1999 ), or Spain (ALTONAGA et al. 1994 ). At present it has small, isolated populations whose survival depends on human activities: on the one hand destruction of natural habitats, on the other -taking proper conservation measures. In Poland it is a species of recognised conservation status (PAW£OWSKA & POKRYSZKO 1998 , WIKTOR & RIEDEL 2002 , MALTZ 2004 .
Compared with the extensive knowledge of the occurrence, life history and threats, the information on shell variation of H. obvoluta is very fragmentary. Identification keys and guides contain various descriptions of its shell (GEYER 1909 , EHRMANN 1956 , LOZEK 1956 , URBAÑSKI 1957 , SHILEYKO 1978 , KERNEY et al. 1983 , KERNEY 1999 , CAMERON 2003 , WIKTOR 2004 . Adult shells are flattened, with a wide and deep umbilicus, flat spire and tightly coiled whorls, separated by a deep suture. The surface of the dark brown shell is covered by long, moderately dense hairs, best visible in juvenile or newly mature specimens (Fig. 1) . The aperture is surrounded by a lip of pink or pink-brown colour, with two elongate thickenings, one on the basal and one on the palatal part of the lip; sometimes they resemble teeth and their presence makes the aperture three-sinuate. Literature data on the values of basic shell parameters are summarised in Table 1 . In most cases they pertain only to the shell diameter, sometimes also shell height and number of whorls are given. There is no published information on the intra-and interpopulation variation of the species, hence the idea of this paper.
MATERIAL AND METHODS
Shell variation in H. obvoluta was studied in [2004] [2005] [2006] . The material included 668 adult shells collected in various parts of Europe (Fig. 2) , originating from museum and private collections ( Table 2) . Most of the labels were incomplete. Apart from information on collecting locality (country, town or village and its surroundings, sometimes a brief note on the habitat, e.g. beech forest or slope forest) and date, there were no detailed habitat data.
Biometrical analysis included measurements of the most numerous samples from the following populations: three from Poland (PL-S, PL-M and PL-K), three from Germany (DE-S, DE-B and DE-BW) , two from Italy (IT-AB and IT-AL) and one each from Switzerland 2 Tomasz K. Maltz Table 2 . Helicodonta obvoluta. List of material examined (CH), Great Britain (GB), the Czech Republic (CZ), Slovakia (SK), Hungary (HU) and Spain (ES). Seven metric characters were measured to the nearest 0.01 mm (Fig. 3 ), whorls were counted to the nearest 0.1 according to EHRMANN's (1956) method; seven coefficients describing shell proportions were calculated (Table 3) . The data were subject to basic statistical analysis (mean, median and modal values, variance and standard deviation); the results served as the basis for determining interpopulation variation, correlations among individual parameters of shells from different populations, and betwen latitude and longitude of the sites on the one hand and shell parameters on the other (Pearson correlation (r)).
Similarity among samples and populations was analysed using Nei index (I N ), applied successfully in faunistic and ecological studies to measure similarity 
RESULTS
Among the 668 examined shells 661 (98.95%) were typical (Fig. 4A) . The material included three albino shells (0.45%) (Germany, Bavaria) ( Fig. 4E ) and shells of atypical shape: two with elevated spire (0.3%) (Germany, Baden Württemberg) (Fig. 4C) , one (0.15%) with descending body whorl (Slovakia, Biele Karpaty) (Fig. 4B ) and one (0.15%) with a crest on the body whorl (Germany, Bavaria) (Fig. 4E) . Table 4 shows variation ranges of parameters of the examined shells. In the case of shell major diameter (D), shell height (H) and number of whorls (N) most ranges of variation reported by various authors (Fig. 5) are within the ranges determined in this study. Only the ranges for N (5-6) and D (11-15 mm) reported by KERNEY et al. (1983) are outside the determined ranges (N: 5.3-6.3; D: 9.95-14.25) . Values of arithmetic means, SD, minima and maxima of the parameters are shown in graphs for the whole of Europe (Fig. 6a-b ) and for individual populations ( Fig. 7a-h ). The widest ranges of variation were displayed by samples from Germany (DE-B for D, d, H, UD, ud, h, w, N and DE-BW for D, d, H, UD, N) , the Italian Alps (IT-AL for D, d, w, N), Poland (PL for UD, ud, N), the Czech Republic (CZ for D and H) and Great Britain (GB for H and w), the smallest -by those from Hungary (HU for D, d, H, UD, ud, h, w, N), Spain (ES for D, d, H, UD, ud, w) and the Apennines (IT-AB for UD, ud, w and N).
Assigning mean values of shell parameters of the samples (Table 5) to similarity intervals (within each parameter) expressed as letter symbols is shown in Table 6 . Two coefficients, D/d and D/H, showed the greatest scatter of mean values; the smallest scatter was displayed by hw, UD/D and UD. Values of the Nei index (I N ) (Table 8) , calculated based on similarities between the means expressed as letter symbols (Table  7) , reflect similarities, presented in dendrogram I (Fig. 8) . Two main clusters of samples could be distinguished: one (I N =0.65), including samples from populations from the fringes of the range (PL-M+ES+IT-AL+HU, I N =0.77; PL-S+PL-K, I N =0.8; GB+CZ+SK, I N =0.87), another (I N =0.6) including samples from the central populations and from Saxony (subcluster from Germany: DE-B+DE-S+DE-BW, I N =0.74). The two clusters are rather dissimilar (I N =0.29), the most outlying being the sample from the Apenninic Penisula (I N =0.17).
Similarities between the populations represented by the samples, based on calculated values of t and t 0 (Student t-test, a=0.05) for individual parameters (Table 9 ) and sums of values t<t 0 (Table 10) , are presented in dendrogram II (Fig. 9 ). There is a high similarity between the populations from the Italian Alps and Hungary as well as the Czech Republic and Slovakia (I N =0.93). Cluster IT-AL+HU is very similar to the population from Muszkowice (PL-M) (I N =0.8), while CZ+SK -to that from Spain (ES) (I N =0.77). The two clusters, together with the English population (GB) (I N =0.66) and the pair PL-S+PL-K (I N =0.6), form a group of populations from the fringes of the range (I N =0.51). The second group includes clusters Shell variation in Helicodonta obvoluta 5 The mean values of shell parameters in the first group are higher than European means, in contrast to the mean values of the second group (Fig. 10 ).
Values of Pearson correlation coefficients among particular parameters of shells from the 14 populations are presented in Table 11 . Out of 1,470 correlations, 520 are statistically significant (úrç=0. The greatest number (n r ) of statistically significant correlations among the shell parameters was found for the populations from Hungary (HU) (n r =67; 72%), Italy (IT-AB) (n r =47; 51%) and Slovakia (SK) (n r =43; 46%), the lowest -for those from Poland (PL-S) (n r =25; 27%) and Spain (ES) (n r =29; 31%).
Correlations between longitude/latitude and the shell parameters based on Pearson coefficients are shown in Tables 12 and 13 
DISCUSSION
The shell of H. obvoluta is regarded as much variable (KERNEY et al. 1983) (Table 1, Fig. 5 ), which is confirmed in this study. Based on similarities among the shell parameters, two groups of populations can be distinguished: one from the fringes of the distribution range, with much more varied and relatively larger shells, another, including populations mainly from the centre of the range, with less varied and smaller shells. Many factors which may affect ultimate size of snail shell and/or contribute to inter-and intrapopulation variation have been mentioned in the literature. They fall in two major groups: external (among others, effect of habitat conditions, interactions among individuals of the same/different species) and internal (genetic factors, metabolic processes, etc.) (GROMADSKA & PRZYBYLSKA 1960 , WOLDA 1972 , CAMERON & CARTER 1979 , BAUR 1984 , GOOD-FRIEND 1986 , BAUR & RABOUD 1988 , SULIKOWSKA--DROZD 2001 .
Altitude can have an effect on the shell size. In Arianta arbustorum from the Swiss Alps the shell size (volume) has been found to decrease with increasing altitude (BAUR & RABAUD 1988) . Individuals from montane populations have considerably smaller shell diameter compared to those from valleys (BAUR 1984) . Likewise, shells of Vestia turgida, collected in lower--situated sites, are higher than those from sites located at greater altitudes (SULIKOWSKA-DROZD 2001) . According to SULIKOWSKA-DROZD (2001) the kind of habitat rather than the altitude per se is the significant factor influencing the shell size. Snails collected above the timberline were significantly smaller than those living in a forest at the same altitude. Shells of H. obvoluta from populations representing the first group (GB, PL, CZ, SK, HU, ES?) were collected in areas not exceeding 600 m a.s.l. (CAMERON, HORSÁK, POKRYSZKO, WIKTOR personal communication). There were no altitudinal data for the central populations (DE, CH) . It is only known that in Germany the snail reaches up to 1,300 m a.s.l., in the Swabian Jura -1,600-1,699 m a.s.l., and in the German part of the Alps -1,700-1,800 m a.s.l. (EHRMANN 1956 , GODAN 1979 . In the Austrian and Swiss Alps it has been recorded even at 2,260 m a.s.l. (KLEMM 1973) . Probably shells from the populations included in the second group were collected in montane areas. However, a latitudinal effect compared to the altitudinal one could be expected as well. Shell size may also depend on the temperature and humidity. It has been found that smaller individuals of Cepaea nemoralis prefer less shaded habitats since they absorb less heat and lose it faster. Larger snails absorb heat to a greater extent, lose it more slowly and in consequence are limited to more shaded places (HEATH 1975 , KNIGHTS 1979 . C. nemoralis is a polymorphic species, which also has a significant effect on preferred microhabitats, activity and - (CAMERON 1972) , which may explain the relatively smaller shell size and the presence of albino snails in such populations. Population density can also have an effect on the growth rate and attainment of ultimate size. Individuals of C. nemoralis and C. hortensis kept singly grew faster and had larger shells compared to those kept in groups (CAMERON & CARTER 1979) . The effect was probably a result of the excess of mucus containing pheromones which affect growth (GOODFRIEND 1986) . In the wild H. obvoluta has been observed to form very dense populations (some sites in England and Poland) (CAMERON 1972 , MALTZ 2003c , where large individuals constitute a majority. Laboratory observations indicate that in this species there is no correlation between the growth rate and the ultimate shell size (fast-growing snails may have either small or big shells; the same is true of slow-growing individuals) (MALTZ 2002) . Similar results have been obtained for C. nemoralis (WOLDA 1972) . Thus, the density is not the main decisive factor for the adult shell size; reasons for the differences should be sought in genetic factors (WOLDA 1972) . Studies on A. arbustorum show that individuals collected at high altitudes produce relatively larger offspring in laboratory conditions, but the size of parents and progeny from low-altitude lineages is similar (BAUR 1984) .
The shell variation may also depend on the structure of the distribution range: whether it is continuous or consists of isolated localities. Shells of Vestia elata from the isolated population in the OEwiêtokrzys-kie Mts are smaller and less varied in their size than those from the Bieszczady Mts or S. Carpathians (ABRASZEWSKA-KOWALCZYK & SULIKOWSKA 1998), which is probably a result of a limited gene pool of small, isolated populations. POKRYSZKO (1990) has shown that shell variation (mainly apertural barriers) in numerous species of Vertigo does not depend on habitat conditions. Many members of the genus are stenoecious species of very fragmented ranges, composed of isolated populations, while the snails are only capable of passive dispersal. Few dispersing individuals get into favourable habitats, while the ability to self-fertilise makes it possible for a single or a few colonisers to establish a new population. The shell variation depends thus mainly on the genetic material brought by the coloniser(s) that gave rise to the local population. The present range of H. obvoluta is also much fragmented, composed of insular populations among which gene flow is rendered difficult. The reason is no doubt human impact (clearfelling for agricultural or timber industry purposes) which, especially in the 19th c., confined natural habitats of the species to small submontane areas (nature reserves or places of difficult access), and higher parts of the lower forest zone in the mountains, often replaced with planted forests. In many cases the population abundance was considerably decreased and its recovery, if any (establishing nature reserves, restitution), was based on gene pool of a small number of individuals. Hence the large variation of shell characters among the populations could be expected -a situation similar to that observed for the phylogenetically remote genus Vertigo.
Mutual correlations among the various shell parameters were found to differ among the populations (cf . Table 11 ). Such differences indicate different growth patterns. In a few instances the correlations differ between the two groups of populations, and some appear to be characteristic of group II (mainly central) in which they occur much more frequently. These are: D:UD, d:UD, h:h/w, H:w, UD:D/N and h:N. The populations of group I (fringes of the range) seem to show no characteristic growth patterns. Inter-population differences in the mode of shell growth, expressed as correlation among different shell parameters, have never been studied and require a wider approach based on a more extensive material of more than one species.
